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(54) Optical communication system using tandem Fabry-Perot etalon for wavelength selection 



(57) A tunable tandem Fabry-Perot etalon (5) is 
used in wavelength division multiplexed optical systems 
or in an optical device. One path is used to calibrate the 



pre-spectral range with respect to a reference wave- 
length and the other path is used to select and acquire 
the desired wavelength. 
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Description 

Technical Field 

This invention relates generally to the field of optical 
systems using Fabry-Perot etalons and particularly to 
such systems using tunable Fabry-Perot etalons for 
wavelength selection. 

Background of the Invention 

Optical communications systems using a light 
source and photodetector or signal regenerator optically 
coupled to each other by means of an optical fiber have 
reached a stage of significant commercial importance 
and technical sophistication. Data rates in excess of 10 
Gbit/sec and transmission distances in excess of 1000 
kilometers are routinely achieved in commercial prac- 
tice. To reach these levels of importance and sophisti- 
cation, many types of components have been devel- 
oped. 

To cover a long transmission distance, initial optical 
communications systems detected optical signals and 
used these signals to create electrical signals and gen- 
erates new optical signals using the electrical signals in 
a repeater. Newer optical communications systems use 
optical amplifiers to regenerate the signal. In such sys- 
tems, the optical signals are optically amplified rather 
than being converted first into an electrical signal. The 
optical amplifiers are typically rare earth, such as er- 
bium, doped optical fibers. See, for example, IEEE Pho- 
tonics Technology Letters, pp. 727-729, August 1991, 
for a description of an erbium doped fiber preamplifier. 
The preamplifier described in this paper also has a tun- 
able optical filter which the authors stated could have 
any of several forms including a fiber Fabry-Perot. An 
exemplary tunable Fabry-Perot filter using optical fibers 
was described by Miller at the European Conference on 
Optical Communication, September 16-20, 1990. Use. 
of fibers permitted the size of the filter to be reduced as 
compared to the size of filters using bulk components. 
Wavelength tuning was obtained by temperature varia- 
tions. Numerous uses for the filter were mentioned. 

To increase the capacity of communications sys- 
tems, wavelength division multiplexing systems have 
been developed. Such systems transmit signals on a 
plurality of wavelengths. At the receiver, it is frequently 
desirable or necessary to select a particular wavelength 
signal from a group of several wavelengths. Wavelength 
selection may be done by adding a signature to each 
signal transmitted on the optical fiber. The signature 
may consist of, for example, a specific tone signal as- 
sociated with each wavelength. The tone may take the 
form of a small (amplitude, frequency, and so forth) sine 
wave superimposed on the already modulated carrier. 
At the receiver, the characteristic signatures allow iden- 
tification and locking of the desired wavelength. 

Wavelength calibration is typically performed by 



comparing a reference signal (passive or active) to the 
transmitted or received signals. The active reference 
may consist of a very stable source such as a helium- 
neon or krypton laser while a passive reference may uti- 

5 lize the absorption resonances of a substance such as 
acetylene gas. Other conventional techniques based on 
coherent beat or diffraction gratings are known. 

The above techniques require constant access to 
the wavelength reference signal and this requirement 

10 reduces system efficiency. 

Summary of the Invention 

According to an exemplary embodiment of this in- 

15 vention, an optical device has a preamplifier having an 
input and an output; an amplifier, said amplifier having 
an input and an output; a voltage source; a digital proc- 
essor connected to the voltage source, a source of a 
reference wavelength, a photodetector, and a tunable 

20 Fabry-Perot etalon having two optical paths through the 
etalon. The etalon has first and second inputs and first 
and second outputs with the first and second inputs be- 
ing connected to the preamplifier and reference wave- 
length, respectively. The first and second outputs are 

25 connected to the amplifier and photodetector, respec- 
tively. The voltage source is connected to the etalon and 
tunes the optical paths through the etalon in response 
to signals received from the photodetector and proc- 
essed by the digital processor. 

30 In yet another embodiment of the invention, the op- 
tical device has a tunable Fabry-Perot etalon with first 
and second inputs and first and second outputs, a 
source of a reference wavelength, a photodetector, a 
voltage source, and a digital processor. The source and 

35 photodetector are connected to the second input and 
second output, respectively. The digital processor is 
connected to the photodetector and voltage source. The 
voltage source is connected to the Fabry-Perot etalon. 
The source of a reference wavelength may be remotely 

40 located. 

In another aspect of the invention, an optical com- 
munications system has a transmitter and a receiver 
and optical fibers connecting the transmitter and receiv- 
er to the optical device. 

45 

Brief Description of the Drawing 

FIGs. 1 and 3 are schematic representation of op- 
tical systems according to this invention which use 
50 a tandem Fabry-Perot etalon for the acquisition of 
a desired signal from a plurality of signals; and 
FIG. 2 isa representation of the free spectral ranges 
and is useful is describing the signal locking proc- 
ess. 

55 

Detailed Description 

The invention will first be described by reference to 
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the exemplary embodiment of the invention depicted in 
FIG. 1. It will be readily appreciated that, for reason of 
clarity, the elements depicted are not drawn to scale. 
Shown are transmitter 1 , preamplifier 3, tunable tandem 
Fabry-Perot(FP) filter 5, amplifier 7, and receiver 9. A 
multiplexer 11 is connected to the preamplifier 3. There 
is a source of a reference wavelength 31 and a photo- 
detector 63. Optical fibers connect the transmitter to the 
preamplifier and the amplifier to the receiver. Optical 
coupling means, such as optical fibers or other 
waveguides, couple the source 31 and photodetector 63 
to the filter 5. Filter 5 has first and second inputs 51 and 
53 and first and second outputs 55 and 57. There are 
two optical paths through the filter; the paths are be- 
tween input 51 and output 55 and between input 53 and 
output 57, respectively. The first and second inputs are 
connected to the two output ports of the multiplexer 11, 
An input port of multiplexer 11 is connected to pream- 
plifier 3. The first and second output ports are connected 
to the amplifier 7 and to the photodetector 63, respec- 
tively. Voltage source 41 is connected to photodetector 
63 through digital processor 43. Varying the voltage 
from source 41 tunes both paths through the filter simul- 
taneously. There is also a connection between the re- 
ceiver 9 and digital processor 43. Elements are de- 
scribed as being coupled to each other; this terminology 
is used to mean optical coupling and does not preclude 
the presence of intermediate elements. Filter 5 may also 
be referred as an etalon. 

Several types of sources may be used for the ref- 
erence wavelength. For example, a semiconductor la- 
ser may be used. Alternatively, a fiber ring laser or a 
fiber grating laser may be used. Still other types can be 
used. 

All of these elements are well known to those skilled 
in art and will be readily connected together by those 
skilled in the art. For example, the components of both 
transmitter 1 and receiver 9 are well known as are the 
optical fibers or other optical waveguides and to optically 
couple the elements described. Fabrication of the Fab- 
ry-Perot etalon is well known and its operation is de- 
scribed in literature for commercially available tunable 
etalons. See TB2500 Tunable Fabry-Perot Filter, JDS- 
Fitel. Tuning is expediently performed by changing the 
applied voltage to the filter 5; other techniques could be 
used. 

Operation of the embodiment described, as well as 
the operation of the optical device is now readily under- 
stood. The reference wavelength is used to calibrate the 
system. The different free spectral ranges are measured 
versus voltage. In addition to the various types of sourc- 
es previously mentioned, it is noted that the reference 
wavelength may come from either a local or a remote 
source located at : for example, a receiver or transmitter. 
The reference wavelength is extracted with the demul- 
tiplexer 11 located before the Fabry-Perot etalon. If the 
reference wavelength is located locally, the multiplexer 
11 may be omitted. 



FIG. 2 is useful in explaining how the desired signal 
is extracted and how the system locks onto the desired 
signal. Depicted are three free spectral ranges horizon- 
tally in arbitrary wavelength units and the amplitude of 
s the reference wavelength vertically in arbitrary units. 

The system or device is calibrated as follows. The 
system must be calibrated before signal acquisition. 
Calibration is the process of identifying the reference 
wavelength signal in terms of the FP tuning voltage (FP- 
10 TV) and locating the FPTV for the centermost FSR. It is 
desirable to identify two adjacent references modes as 
close to the center of the FP voltage sweep range as 
possible. This is FSR2 in FIG. 2. * 

The calibration process may be either active or pas- 
15 sive. With active calibration, the system calibrates when 
power is turned on. The FP tuning voltage 41 sweeps 
through the complete tuning range and stores in mem- 
ory the voltages at which the reference wavelength is 
detected by photodetector 63. These voltages are proc- 

20 essed by digital processor 43 to determine the position 
of FSR2 in terms of the FP tuning voltage. When the 
position of FSR2 in terms of FP tuning voltage is known, 
the FP tuning voltage for a specific wavelength can be 
determined. This technique suffers a drawback when a 

2S new channel is to be detected and the temperature has 
changed since the last scan. The new channel may not 
be at the calculated position and the system may lock 
onto the wrong channel. A new scan should be per- 
formed every time the channel is changed. However, 

30 manufacturing costs are saved as no pretuning is re- 
quired at the time of manufacture. 

With passive calibration, the FP filter is calibrated 
during manufacture. The objective of this calibration 
process is identical to that in the active case; that is, 

35 locate the centermost FSR. However, data is also col- 
lected as the temperature is varied. The data are ana- 
lyzed and a temperature versus FSR position is ob- 
tained. The resulting data are stored in memory either 
as a look up table or as coefficients used in calculating 

40 the channel location as a function of temperature. The 
temperature has to be measured by, for example, an el- 
ement of the device (not shown) to determine the tem- 
perature dependence of the FP tuning voltage for a de- 
sired wavelength channel. From the temperature and 

45 the wavelength of the desired channel, the FP tuning 
voltage can be calculated or obtained from a look up 
table. There is increased cost during manufacture, but 
the system is easily made and channels can be changed 
without removing the system from service. 

50 The position of the FPTV for a locked signal or 
wavelength is an important consideration and should be 
taken into account so that the desired wavelength can 
be accurately tracked as systems parameters, such as 
temperature, vary. Positioning the FPTV as close as 

55 possible to the centermost free spectral range gives the 
widest locking range; that is, the FPTV dynamic tuning 
range is optimized. Additionally, if lock is lost, the system 
can determine whether the signal has drifted in its wave- 
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length or has ceased to transmit. See, FIG. 2. 

The embodiment described with respect to FIG. 1 
used the filter in transmission. The filter may also be 
used in reflection and an embodiment using the filter in 
reflection isdepictedin FIG. 3. In this embodiment, there s 
is an optical circulator 201 , optical coupler 203, and re- 
flector 205 in addition to the elements depicted in FIG. 
1 . The circulator 203 has three ports with ports A and C 
connected to the incoming and outgoing signals, re- 
spectively, and port B connected to the Fabry-Perot fil- 10 
ter. The reflector 205 is connected to output 55 of the 
filter. Coupler 203 is connected between port B of the 
circulator and one of the inputs of the filter. Coupler 203 
is used to extract a portion of the signal so that the signal 
to noise ratio may be monitored by photodetector 213 
and unit 223 which measures the signal to noise ratio, 
and to also maintain a lock on the desired wavelength 
using well known techniques. This embodiment is ad- 
vantageously used because the Fabry-Perot is used to 
filler the amplified spontaneous emission and filter effi- 20 
ciency is increased because of two passes through the 
filter. 

Variations of the embodiments described will be 
readily thought of by those skilled in the art. For exam- 
ple, the preamplifier and amplifier depicted in FIG. 1 may 2s 
be omitted in some embodiments. The multiplexer may 
be omitted if a local reference source is used. 



Claims 30 

1. An optical device characterized by: 

a tunable Fabry-Perot etalon (5) having first 
and second inputs (51 and 53) and first and 35 
second outputs (55 and 57); 
a photodetector (63), said photodetector being 
connected to said second output (57); 
a voltage source (41 ), said voltage source be- 
ing connected to said tunable Fabry-Perot 40 
etalon; and 

a digital processor (43), said digital processor 
being connected to said photodetector and to 
said voltage source. 

45 

2. An optical device as recited in claim 1 further com- 
prising a preamplifier (3) connected to said first in- 
put. 

3. An optical device as recited in claim 2 further com- so 
prising an amplifier (7) connected to said second 
output. 

4. An optical device as recited in claim 1 further com- 
prising a reflector (205) connected to said second ss 
output. 

5. An optical device as recited in claim 4 further com- 



prising an optical circulator (201) having first, sec- 
ond, and third ports (A,B,C), said second port (B) 
being connected to said first input (51). 

6. An optical device as recited in claim 1 further com- 
prising a source of a reference wavelength (31), 
said source being connected to said second input 

(53). 

7. An optical device as recited in claim 1 in which said 
digital processor further comprises memory for stor- 
ing tuning voltages for wavelengths. 

8. An optical device as recited in claim 7 in which said 
digital processor further comprises memory for stor- 
ing tuning voltages for temperatures. 

9. An optical communications system comprising: 

a transmitter (1 ); 
a receiver (9): 

a preamplifier (3), said preamplifier having an 
input and an output; 

an amplifier (7), said amplifier having an input 
and an output; 

first and second optical fibers optically connect- 
ing said transmitter and said preamplifier and 
said amplifier and said receiver, respectively; 

characterized by 

a tunable Fabry-Perot etalon (5) having first 
and second inputs (51 and 53) and first and 
second outputs (55 and 57), said first and sec- 
ond fibers being optically coupled to said first 
input and to said first output; 
a source of a reference wavelength (31), said 
source being connected to said second input 
(53); 

a photodetector (63), said photodetector being 
connected to said second output (57); 
a voltage source (41), said voltage source be- 
ing connected to said tunable Fabry-Perot 
etalon; and 

a digital processor (43), said digital processor 
being connected to said photodetector and to 
said voltage source. 

10. An optical communications system as recited in 
claim 9 further comprising a reflector (205) connect- 
ed to said first output. 

11. An optical communications system as recited in 
claim 10 further comprising an optical circulator 
(201 ) having first, second, and third ports (A,B,C), 
said second port (B) being connected to said first 
input. 
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12. An optical communications system as recited in 
claim 9 in which said digital processor further com- 
prises memory for storing tuning voltages for wave- 
lengths. 

5 

13. An optical communications system as recited in 
claim 1 2 in which said digital processor further com- 
prises memory for storing tuning voltages for tem- 
peratures. 

10 
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